The enzyme levels of muscle energy metabolism were studied in eight male meniscectomy patients before and 10 minutes after release of the tourniquet and on the third post-operative day. The average tourniquet time was 65.1 min. The muscle samples were taken from the vastus lateralis muscles; the healthy side served as the control. The greatest enzyme changes 10 min after release of the tourniquet were the falls in succinate dehydrogenase (SDH) and creatine phosphokinase (CPK) activities, (p < 0.01 and p < 0.025 respectively). On the 3rd day phosphofructokinase (FFK) and malate dehydrokinase (MDH) activities were also lowered in the tourniquet limb, but the lactate dehydrogenase (LDH) was not changed significantly.
INTRODUCTION
As the knee joint is especially susceptible to injury in sport and as operations on knee cartilages and ligaments necessitate a bloodless field, possible harmful effects of the use of tourniquets was investigated.
Providing a bloodless field, haemostasis by the pneumatic tourniquet is used universally today in orthopaedic operations upon the extremities. A two-hour tourniquet is considered to be safe in clinical use (Flatt, 1972; Stewart, 1975; Adams, 1976; Santavirta, Kauste et al, 1978) . In reconstructive operations and endoprosthetic replacement of the knee joint the two hour limit is, however, often exceeded (Santavirta, Kauste et al, 1978) . The muscle oxygen tension drops during the tourniquet blockade (Santavirta, Hockerstedt et al, 1978) . Stock, Bohn et al (1973) found a decrease in muscle glycogen content and an increase in the muscle lactate level during tourniquet ischaemia. The pH of venous blood decreases from 7.40 to 6.90 after two- I  II  III  F F K   I  II  III  S D H hour tourniquet ischaemia (Wilgis, 1971) . In experimental studies irreversible changes have been reported 4 after 3-4 hour ischaemia in muscle tissue (Makitie and Teravainen, 1977; Tountas and Bergman, 1977;  , -~,~-< *". Santavirta, Luoma et al, 1978a the patients were discharged on the 3rd day. Fig. 1 . The effect of tourniquet ischaemia in meniscectomy patients on the levels of energy metabolism enzymes in the vastus lateralis muscle. The unoperated leg served as a control. I = before the release of the tourniquet, 1I = 10 min. after its release, = on the 3rd postoperative day. The means and ±SD of the enzyme activities (U/g wet musche) and the significances compared with value I are given (n = 8).
The muscle samples were taken before exanguinating the limb, before releasing the tourniquet, 10 minutes after releasing it and finally on the 3rd postoperative day using the technique described by Bergstrom (1975) from the vastus lateralis muscles. The nonoperated leg served as the control in the study. The biopsy site was the margin in the middle and distal thirds of the thigh about 1 cm beneath the fascia. The samples were frozen within 10 sec. in liquid nitrogen and stored at -800C until the enzyme analyses were made.
The muscle samples were homogenised and the activities of FFK (Bostrom et al, 1974) , SDH (Earl and Korner, 1965) , MDH (Englard and Siegel, 1969) The muscle samples were always taken by the same person and the post-operative care was the same. There were no complications in the muscle biopsies or meniscectomy operations.
RESULTS
Before the tourniquet was applied there were no differences in the enzyme activities in the vastus lateralis muscles of the patients' legs ( Table 1 ). The enzyme activities were unchanged in the operated leg before releasing the tourniquet. Ten minutes after its release the activities of SDH and CPK were significantly lower than before it (p < 0.01 and p < 0.025, respectively). The activities of FFK, MDH and LDH, however, were not altered significantly. On the 3rd post-operative day the CPK and SDH values were lower than 10 minutes after opening the tourniquet (p< 0.005). The FFK and MDH activities were also decreased on the 3rd post-operative day, but LDH activity did not change significantly during the hospitalisation time.
The activities in the control limb did not change significantly during hospitalisation with the exception of SDH which was lower than before on the 3rd postoperative day (p < 0.05).
DISCUSSION
In this study we found significantly decreased SDH and CPK activities in the thigh muscle distal to the "crush area" of the cuff within one hour of applying the tourniquet. This is in contrast to Tountas' and Bergman's findings in 1977 of no changes in muscle SDH activities after two hours ischaemia in man. Our results concur, however, with the elevated venous blood CPK activities (Chiu et al, 1976; Santavirta, Kauste et al, 1978) and unchanged LDH activities in humans reported earlier (Santavirta, Kauste et al, 1978) . It probably requires very serious damage before enzymes like LDH escape from the muscle. This did not occur in our study. It has been reported that LDH activity is decreased significantly in rabbit's muscle after 3-4 hour ischaemia (Santavirta, Luomaetal, 1978b 75.9 ± 20.8
The difference compared with value I is probably (x) significant (p < 0.05) and (xx) significant (p < 0.025).
activities in the tourniquet limb continues for at least three days after the operation. During this period FFK and MDH follow the same pattern as CPK and SDH. Thus, the muscle metabolism is disturbed for several days after meniscectomy in man, though in experimental studies with dogs, the metabolism and the membrane function of the muscle cells have returned to normal in one hour after three hours' ischaemia (Enger et al, 1978) . Because there were no differences between the tourniquet and control legs before the tourniquet it seems that the ruptured meniscus itself does not influence the muscle enzyme activity before or at the time of operation.
Noteworthy are the lowered values of SDH both in
Data obtained suggest that the lowering of enzyme the operated and in the control extremity on the third post-operative day, most probably due to disuse (Tomanek and Donald, 1974) . The low values of enzyme activities on the 3rd post-operative day in the operated leg represent thus a result of the combined effects of tourniquet ischaemia and hypokinesia. It seems, however, that the effect of tourniquet is dominating.
Our results suggest that the tourniquet time during the operation should be minimised. The two-hour recommendation for the upper time limit appears to be too high from the metabolic point of view. Furthermore, hypokinesia after the operation may accentuate the negative effects of tourniquet operation on the muscle metabolism. Both facts are of importance in sports medicine. The metabolic recovery deserves further studies. The second section is devoted to training -weight training, for strength, injury prevention, flexibility, followed by two sections on injuries in specific sports -team games and individual events, and these included a brief description of baseball, and "grid-iron" football, unfamiliar to most UK readers, and an excellent account of subaqua hazards.
The fifth section on orthopaedic injuries, starts with an account of the physiology of injured muscle by R. J. Maughan, the Aberdeen physiologist, and continues with a well illustrated account of the spine, its anatomy and its injuries by Duncan Troup. In a smiliar way Lisle Thompson deals with the shoulder, elbow, pelvis and thigh, and J. N. Rimmer with the wrist and fingers: though he gives details of some of the less common wrist injuries, the common Colles' fracture is omitted altogether! Ian Adams discusses acute knee injuries from a practical point of view, without going into details of chronic instability, pes anserinus transplants, etc., the field of the specialist. He also discusses injuries to the ankle region, including the Achilles tendon.
The final section covers the immediate assessment of injury (Leon Walkden), first-aid (Tony Fowler), physiotherapy (Val Steele), fitness testing after injury (Dennis Wright) and rehabilitation (Barry Maddox).
All too often, in a multi-author book there is multi-standard of Chapters, but not in this book, where the standard is uniformly high. The figures, mostly drawn by one artist, are excellent, and the half-tone photographs, electron microscopy and radiographs all illustrate their points clearly.
The book is compiled from papers given at several interdisciplinary symposia held at Liverpool Polytechnic, but the careful editing gives an overall view of the medical and biological aspects of a wide variety of sports, that must be of value not only to the general practitioner, physiotherapist and sports scientist, but also to the expert who can add his own specialised knowledge to the general and wide ranging material given within.
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